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ABSTRACT: 

PURPOSE: To accurately obtain noise figure a simple arithmetic operation, in 
a method for calculating noise figure and an instrument for measuring noise 
figure to obtain the noise figure of an optical amplifier. 

CONSTITUTION: In the method for calculating noise figure for obtaining noise 
figure F* regarding a light amplifier which amplifies signal light with a 
wavelength of λS using a gain G* in units of decibel and generates 
natural release light with an intensity P*ASE (λC) in decibel units to a 
wavelength band where the wavelength λC (≠λS) is a center 



wavelength, an approximation operation means for obtaining the approximate 
value of the noise figure F* by performing an arithmetic operation according to 
an expression F*&ap;P*ASE(λC)+A+B.G* which is obtained by applying 
a 

constant A and a coefficient B obtained in advance based on the known values 
of 

the gain, intensity, and noise figure is provided for the noise figure F* which 
is approximated using the equation of the first degree of gain G* and intensity 
P*ASE (λC). 



COPYRIGHT: (C)1995,JPO 



(19)B*B#fW (J P) 02) & §fl =^ & (A) 



#^¥7 - 5070 

(43)&IBB ¥$7*p(1995) IB 10 B 



(5i) into. 0 nsro fi g^^fSBf 

G0 1M 11/00 T 9309-2G 

H0 3F 3/08 7436 - 5 J 



*St* gf*a©S!c2 OL (£12 10 



(21)tBS#^ ftH¥5- 147706 


(71) Bi§A 


000004226 

B*«m«iS8c5££*t 






(22)W8iB ¥^5^(1993) 6 ^18B 


(72)^?g# 












%jm=f-mzp&*i i t@ 1 1 




B 














(72) 
















B 














(72)5SW# 


*/n mm 














B 














(74)ftSA 









(54) [mwozm mmwmjjik&krm&mmmmu 



(57) [®3$] 

ism] m^co^^mnm^ 
mmzx < z t * mt +& . 

SrJMiu a*o«tg;u(*As )£4m>&k 

o-v vt ^ & *ut sas a a x mm b * mm i x% 

£>ft6F*^P*ASE (Ac) +A + B • G* COjMzX&n 




(2 

1 

mmmc fcj;t/iuie^p , ASE(Ac) «o-&s-ca£ 

A&£Xf{%$iBZmmiX'&hixZ 10 
F* =P*ase(Ac ) +A+B • G* 

mhmxm%^mmx.rzz t zw&t um%mm 

[ff3<JI2] T-/Ol>M®.CD%mG* -c-^As com 

mimmm&m®imz%mL. tcommn&mzm 

m£%m^iiffiztiistm.iii%<7ito* fcSA 20 
c As) 1 4"Q4ftst-t a«afca}**aiaj 

««aj^anj:-5T«ia}SfLfca«p*»si(Ac) ttc. 
fass f * & t $m a * z t 

[000 1] 30 

■6. 

[0002] 

[^*Ogffi] x/l^AaSH^y-f if***) 

mzAMZttl g^KK* (OT, r ASEftj 
^/Hf-W*** fcco fc l/cft-3 i i h . 40 

[ o o o 3 ] 09 \t, mi<nm%mmwm<nm®m 

S^b- if ^-f K 9 1 ^a^tefii*? T •< A 9 2 1 
£tf-LTH£B<93fri« (EDFA) 930A7J^« 
f^ft, Zn&Wilty 4 )V9 (BPF) 9 4fci^s 

wffi^(i^^tf«M9 6 &^Ltaatss»sn 

4. 

[ 0 0 0 4 ] 9 5 Tl± . * ^A^ffiiftiSiigli 50 



#ffi¥7-5 070 

2 

Sft^T-fVU— ?97. 7r-f A;^rr7 9 8^3J:^J f 
x/^b'^Am!l^7 r 4 A9 9 £tf LTdtfiiBteJgKSfi 

£^T77US-A-Aft^Ah03£»LTfliJi&£ 
ai>„ 7r^^'*r5 9 8^-^^A^WiU— f 
^-f 1 0 0#3tt5*Wfc*S£$*U X/H^Ai&ig 

77^9 9\m^m.mms9 6tc^wtis^s 

[0005] 3tWtRfH8gS9 6 -CJi; *7 * 
(OF) 1 0 1 ZftLXy* 1 02i #X 

h ^ K 1 0 2 1 ttgigtf 1 0 3 <7>-:6rO Afc fc* 

mMzmmzuz. ^^M,mayr^^9 9<^Qi^j 

t^LO SfcJl/^-f/k? (BPF) 1 06i 

Lx&mzmm%ii& . ?t4 a* - ? 1 0 5<nm-<?> 

ftmHrtift? < )V9 (BPF) 10 62 ZftLX?* 
Y¥A ^—V 1 0 22 t^Wfclif^t*. =ttJ. ft 7 
•</k?l0 6i . 10 62 l±. ^^«KiSmfr#^ 

^^*UT«i5;§fL. 7*h^^-F102i , 10 
22 J±^««tSS'&LfeInGaA^fc^B9#s»«cS:fflV^* 
J£5*l6. 7*h^*-K10 2i liSlttffil 03(7) 

F*AP R *i#^fLl. 0 

[0 00 6] M^l 0 3T'(±. 7^-N^ot-HlO 
2i . 1 0 2 2 coai^tt^il^fLA/DSaMSlO 
7i . 1 0 7 2 ^LTf'f l 0 8«W 

[0007] i<oi a ^^co^W+fflSETIi, 
ft^ST-ft & P-lf ^- K 9 1 frh ffiltS futBf 
ffi»^As( = 1.5515jum) COft^ti. £j*7t^A9 
2i$r^-LT-^S«&g{t. ffiS^K^ ( = -15d 
B) -C3fc»B»9 3fc:-5-i&*l.S. 5fcli1i§5 9 3{i s i 
^ct3(CtT4t^^Sft-^&0rS«flJ# (=24.9d 
B) T'tMIS-rS. *7 4 71^9 411. *'C^* ; {i#7fe 

«:SAs ^#L<3fia^jlB* i; -?-coft^^±gx^ 

A^-Sriia5*Sf[ (=2.7nm)tC|g5g§ix. 
gS^ioTiiH^il^ft^Srffi 1 ?^. ASEftO 
Jt^2r^«§-!i:.i. i t tcJ: 0 A S ETttfl^ttO 

r^b'-h?S ; t^jIpEL,TfS*7r-<^'9 2 2 ^^L^ 

[0008 3 jCflJISS 95 -CJ± S 7^fyU—^9 7*^ 

ajWSflSBfjSfcg (=0.98^m) fl5jag3ti:7r'f ^ 
5:^LT^$ix. 0 1 0 (a) t^f J: ^ 
3t7^;^9 4*iijftUT4i4)ji6^JRASE3e 
t * t^ijft^-r *> S x/P b'»7 A» 7 r 4 * 9 



(3) 



- 5 0 7 0 



9 9^-h[z%toixhm^"ft<r>^ r P~VK)VCim-\tL 

[0009] x;l/h-^A?SJD7 r 4 A 9 9«Jb&Lfcfll 

*SBttt» 121 0(b) £jS-$\fc -p (c. *tMB§;h.fcfi-§# 
4s«fcl^^»ASE3tfc:flW:-C. x/kt'^m&l^T 4 A 
9 9?*rfcfc$S£ Lfc»£A S E3fr0j£#tfq&fe*i£ . 

[ooio] m%mmm$m.9 bxu. ±? * >v? 1 

0 Hi. KftfiSSffiSftttfc^fU x;l/h'-)Aii7r 
>fA9 9A»fe^tJIEItS^&ASE3t (-eo±S5r« 10 

3 nm<3^;#*|r$-5. ) j&»£_t&LfcJ& 
StfOSg (=0.98wm) <0j£#*|fc£-$-.&. 7* b:?' 
>f:*-F10 2i *i, iWi-5KL-C*7^^1 0 1 
£^LT»^ft&ASE#<0^-£ft-Bf&gt-f6 

[ooii] ftr-f yi^-? i 0 4*>;ujsSfc 

ti, x^b'Wij||7T^A'9 9K|310(b) t^-f 
^ASE#fcJ:tffS£ASE3M:flW:T. ± 

B(c(5S^K(lftJK3;h.*. UrffoT* 7r-<A't- 

*1 0 5tt, S^ft. <Ej$ASEft£J:if3££ASEft 
£)9r£<7)Jt*(=2 0 : 1 

[ 0 0 1 2 ] 3167 4 )V? 1 0 6 1 ii N 01 1 (a) fcjjrf 
fi#5fctf>ifc£A.(=1.5515jum) t^JS«<0«fi 

*®63-frSfc*fc> «ASE3tfeJ;ymASE3t 

[0013] ttz. %74)V?l06z Ji, 01 Kb) 30 

1.542^ m<A s ) KSSj&i^+^t&SJft^i^ 
SBfctt (jSji¥«IB=1.5nm)£3rU ^7^*10* 



*6i kJ±R*ft:%4ASE3t<0^*3ffift$1i-C<i^* 
ntf&tmm-l (010(c)). 5rt5, SJRASEftfc: 
owm. 010(b) fc^rf J: o *7 4/1^ 106 
2 OjffiftWCtt^A S E3tttSt LT 4 OdBjtK^S*: 

[0 0 14] 7*b^^-Kl 0 22 icOi'dfc 
LT*7'f;^l O62 £3gj&LJtfS£ASE3fr9A7 
-Pase(A c2 ) £3£-«58SjW- SifctcJ: 0K#LT 

s»atio3c^s. 

[00 15] ftgffil 0 3T1±. A/DSfflHSl 0 7i 
Ii7*h^>f^--F10 2i *tf LTftfcfufcASEft 

$& 1 0 X •? [Z LTtV 5^1>^ft3 tltz A S E 

t^W-I^/W::. Mitf. ftMW-3-1 3 13 2 6 
#*M$H¥ 5-534 3 0#K§H^3ilfci»**flrt£ 

tlCkO* x;Uh''7A»7T-f A9 9c7)^#G (» 

1 ) fcJKfJ-t*. 

[00 16] rVS-^^iW&l 08T{±. 

HRfc . il-t3£*>«£ A s ICfc ft S A S E 
-PaseU. ) , ft^ftcOjSMifcv.. $S£ASE3fc0V« 

[00 17] 
[ftll 

c _ PftSE^s ) j L 



h v A v G 



+ 



(1) 



F*p HE =101og {K, 

JQ <- C/l 0) 



h vAvG 

P ftSE ( ^ eg) 



[0018] ^fc. ^*&6£>ftfc5ticC ( < 0 ) $• 
Pase(A 3 )=Pfls E (Ac2) -10(- c / 10 > ■ ■ • (2) 

[00 19] 
UR2] 



K, 



h v A v 



(3) 



[0020] w^t^-f gffifflJt^T a zti/Zi: 0. t 

(2) s (3) H^1-Pase(A C 2) COtttOVV-Cii. A/D 
3SI»10 7j Sr^-LT7*h^*-P10 2i C0SJ 

[002 1] 4Jt. ;«0J:afc:LT*A^*uti6iEatt 
^F'PRECOfl (01 2(D) Wi, x/l/b*^A^JP7rS{ 
AP = F'pre-F* = Pase(Ac2)- 
co^X^-l^ti. 01 3t*»-C^J:dCr>"<yl/-* 

[0022] ★ 



oat^iscF' «si (01 2©) t«oiatfiw« , 7 



(3) 



-Pase(A s ) • • • (4) 

50 j«»Ort«*«±*(3) tc^SftiiacaSI-CftStfc 



5 

o'UT±5S(4) A* 
AP = C • • ■ (4) ' 

[0023] 4fc. £<?DJ:5$:ift£AP<9*!HtG» fc*t 
i-SSa^S-ffiJS-ti^i: LTii. 1 0 6 

ti. *7 -f/i^ i o 6i . 1062 n&iimzmhfe 

mttfttkA S E5ti: COK/HI* Bf^coTBIfifiUifc • 

[0024] #»BJ»i. fS***flf«» fci 9ffl«<k < 
[00 2 5] 

u a»o»^ac (*a s ) sr^t^tt-saswa 

tCT><^#©^5tJSP'ASE (Ac ) T'g^Jta}ft£fS£ 

Jtffi^iSJCiJ^T. ffl#G* *5il^feRP**ss(Ac) tfo 
-83&Tififcl3;h.5»St*8F* tout, ztiham 

^htimAn^mB Lxmtih f* = p* 
ase(ac)+a+b • g* ^izx&mmnzt^K % 

[0026] m*m iztmnftmxn. -rs^HMa 

mf- z^m^mmmmzx^x . 
nmsmm^&isi l . -t^gsn^ismts^v ah* 
G* .*ttaj-fsw»»aj*at. w*mm>t>ssizti 
■ssasftaatort. a*Ac(*As)t«t"ii'«tfifc , t&» 

[0027] * 

F* NF i* sK+Pabe(/1») -G* 
K=-10log, o (h vAv) 



4) #SW7-5 0 70 

6 

* um] mxmiizzz&m^mm-itiijmxte. m>\ 
s*m&^ fiJttG* i>ii>'^«p*ASE(Ac) test*-* 

F'^P*ase(Ac)+A + B • G* 

•ase(Ac) . flJflG* fcJtfJtffflRF' tSo'^T^ 

[0028] a fcifiJBMICfct, 50111 «fcH3f<3 
10 fUf#G* ^ffi^ttt-e^lftttK-tSfll^G* <Q£ 

t >t i tm&ftcovKivemm t izms-rm 

OflWIG' £J6 fcfcS!l&#*itlijfi(R LT# t>tvfc i, CO 
XfoUzfo, Ze)mhtti-fcmtM.%LX\Vzmk?) 

m^mM^mfcit^xmmmmmtb hit, 
h. 

[0029] f|$JS2 fciBtt<i^HNa8®H»SltT'li. 
•ase(Ac) fcSrIXOS*, £*ife<z>fia»6ill£JIl£iE 

[0030] r s wm^z^x mmmft 
miimtt, Loo±5i LtsBumiitifttLi mm a po 

s. 

[0031] 

[0 03 2] 0C*J^T. 09^ft^tffi^'|5|t 

mmixii. 1 o 3^ixn-o^m%m 1 

40 l*»<a*SiBJ|[«12&filifcjSJCftS. 

[ 0 0 3 3 ] JTF. *HttM^»^*IHIW-i. ±^ 

(i) t±. ^commconwtt^xm^mm . m^mo 

»ftA s tfc(tl>^ASE3tWN°7-PssE<A 3 )fc 

P*ase(A s ) , G* IZk-oX 
[0034] 
[»33 

+ 10 G ' j WJ 



(5) 



&IST7-507 0 



8 



[0035] oHgfKsCtSgftSftS. V&MlZti 



[0036] 
[»4] 



"(As) =P iSE *(Xe 2 )-AP 
— P ASt*( A c2) 

- [a + bGH - 



10 



+ Func(G) 



(6) 



[0037] 0M&£ifi&fctl . Lfctfo T . ±3 



(5) t±^(6) *fU-t& 

F F "apr 



[0038] 
[»5] 



O 10 

= K + P M E*Uci)-a- (1+b) G*-Func(G) 
= K* +P flsE *U c2 )-K 3 -G*-Func(G) 
K* =K-a , K 3 = 1 -f-b 



•(7) 



[0 0 3 9] commX'5-Lt>tlhfi\ S^t. ±ML 
AcH^Func ( G ) £ itftt 4 k . 
F'apr = K 2 + Pase* (Ac2)-Ks G* ■ • • (7) ' 
hilt . 

[0 0 4 0] fWfG* fi, X^t'^m!)D7r^ 

^9 9 36>feaj»s<isii!8&aj3etiBfr7*h^* 20 

-F10 2i *>fcffi*SfLS3K®eipht>J:VJE-<07!r 
G* = c + d I P h • ■ ■ (8) 

05£T4*.A>il£. 3£>£ s 7* l-^M^-r-' 1 0 22 

FVr NPash.*Uc«) + or-0-I p 
a = K-J-a-c (1 + b) 

[0 04 3] <OS"C-5-££>*l4. *>t, iOio^ffi 
gfca, /9(COV^T«. ±atitS^Func(G)^iE|lL^ 30 

F'flPR s PsSEm* (Ac2> *$J:inph<9#€£±^(10) 

[0 044] T-T-o/^atHlg&l 1(3, 7*r-*W:*- 
M0 2i fcioTSSII^iJKItSSlphi:, 7tf^ 
-f^-N' 1 0 22 fci^T^fflSft&II^ASETfrTys" 
7-^^PsSE.*(Ae2) k£lX9i£^ Ztit><7)&t 

T±5t(10) lc^-rfii««S^ff 5 £ fc tcJ: 0 , £tS&3t 
F*apr£&#)S. 40 
[0 0 4 5] fc£VC\ zntottS&tzzq&btLl 

flWOlfcftAs {Ct5{tS»^ASEjtW!'7 
-P«se(As)^^.T, jS^Ac2tfcftSI^ASE3K 
W\'"7-Psse(Ac2 ) 'SrfflV^/t.IfcteH-fl.M^AP 

OEP, DEP (^;h.^ftx;k£-'7A»7y>fA9 9lc4- 
i.^ai.ll^^^V-K^Pp AUOmW, 2 0m 
W s 3 0mW<Ofi*fcS«^-t«je>1-6. ) T-^§iX§ 



★ flSE«'(Ac2) Ji, x^b"-7A^Jn7r^^'9 9«Eti^lS 
Hi7-iy^l04, 7r^^l0 5fcJ: 
1^7 4/1^10 62 £tf-LT7* r-^:*-Fl 0 2 
2 (mfilirX^) J(<0)fctt 

PftSE«*(Ac2) = PASE* (Ac2) + J ■ ■ • (9) 

[0 04 1 ] UrtfoT,. ±j*(7) ' K*"*-jfi<KfiF» 
aprH, |5]^t±^(8) , (9) £ft*fS£fcfc:J:9 
[0042] 
[»63 



f? = d ( .1 + b ) 



(10) 



«ft*ffi£ OdBm tES-fkL-C^-To &tz. ±st(7) j&> 
fcit/ijit^li^W^-U^Pp tJtUT03 
^^fehSJtWf&ftCOJMF* tf5HAFtt, 04 

fcScfJ: -5 fc. A7Jft-f7t^^v-t» L-T -0. 06~+ 
0.03dBk/jN§^rfIS-k 0. x;Ub" <7ASs!jii7 7 A Ag 9 

[0046] 3£>fc, itfOiatsJcSltt^SKt-ov^ 
Tii. 05(a) (C^tiElS5:|iaiffl(J.Aspel et al; Op 
tical Fiber Communication Conference, ThA4, ppl89-l 
90.1992fcfB«S*ifc*«tJ:*. > ^«^kLTH5 

(b) tzjKtmMMiz&tt&mmMbttit-f&t. *mt 

tfM^JSfiffl LT*46 tilS 5I«« ( =89. 453d 
B) £J:t/£(=0.22266dB/nA) fc, HaflSftli^A 

SE3tWN-7-U / <^PASE 11 *(Ao2)( = -57.2dBD 

42.1dBm)fc. R«fcU-CSiai$#i*Jl£«ai 
p ( = 120nA-198nA ) fc K J: -5 T ±3^ (10) *»A> WHJ § ft & 
5t^»F*APR(i s 05(C) C5^t«fcd(C, -0.06dB- 
+0.07dB<7)M*%S. UA»L, itfOio'Srllli, 05 



9 

(b) iz^t&&Miz±hmwmtm5(z) iz^mmm 

t<7)£ (=-0.7dB ~~+0.06dB) tJrb^T^HM^^ 

[0047] t tz . jmbmizk-iTft^tim^fum 

colSllfcJt^ft t . b1 c frt,z±o.03dKbmtbX ! &feX'fo 
ft. Zcokdlz^mmmizXtili. 01 

®g5 1 2 £ft*H0ftg& 1 0 3 (cifc^T *Stffi#!S: 

[ 0 0 4 8 ] EI 6 « s *$MJoSOOgflsW*SS*0-C 
» 4 . ^ttW t 0 1 ti^fSJfcWfc «0« $L±J7M-m. 

<7)^* s 1.300^mO^jf3lM<7)U'-1f^^-b'6 

(SLA) 6l£il;t. 7r^^7798fcJ:D ; i;l' 
t^AjSHP7r>f A9 9(C-fUT¥#tt^~ ?«Hf§6 
2 (SLA) HB*., V- if^^-K 1 OOiCfUT 20 

[ 0 0 4 9 ] Srfc, $HJtffltes V—^f-fA aT- F 6 0 
A»&iti»§ft5W-1f3fc£>ift£ (=1.300/zm) fc^tJE 
S*T. 7*F^:*-F1 0 2i HgMS^lmm 
<7)t?)£$fflL. ft?^*! 0 6i fcjtjf¥iMi* { 3 
nmC^tcOS-SfflL. ft?^?]. O62 ^®g^€H 
#2 nmT$)-?T)®S^^(7)4>'DAc2A J 1.285;umT* 
h ft t» <0 2" L fc 0 1 fc jfttHtfcW ft 
tK tilt??)?* hyjX-FUkVl/t? JJWfc^ 
Xii. 1B#«0fctf>> Et#BB##fctt4l/tiKt. 30 
fc s ¥3|frl^ rmi&6 2lz.it* 100 

[0050] #n«swcw. r-tn^amss 1 1 (±0 
1 (cSrfHttMi: l"I*«fil»Stf ^TSi^SliMftWI 
F'*prS:S«>5<0-Cs -e<7))£Mi(07(r)«A*fi^3e 
<^7-fc^Lfc£3tt««. R0fc^tJte(Sl7O) 
Zmmttlt. -0.6dB ~+0.4dB Wffl*ffflSrtr>r 
V ^&3S#l<7)||}Iffi(0 7 ®) fcUt^T -0. ldB~+0. ldB 

gafc^Kteasfc.*. 40 

[ 0 0 5 1 ] 08 ti. *«BJtOSH«HttffiI*SttH-C 

h h . ^sgtwt h 1 tc^-rniffe^ii oflij^Uicofflat^ 

14, x^t'7A»7T^^'9 9i:3tr^yV-^ 1 0 
4fcOiat:7r>f A^r58 lSrffiSL, ytYfAH 
-F10 2i \,Z\±7rA 1 Srtf-LT^Hg^fl 

fcjaaftfc-s-* . i-— w f 1 o o n^wts 

/-f*-F10 2i , 8 2oajA£M#Jfc:StltSl 
ft A* L Jt jfiC » ft . 

[0052] immmx-\±. x^t-^Aasta? 7-^*9 50 



WF7-5070 

1 0 

tzmmmm&mmvmiz^Tte. 01 

[00 53] 7* h^>f*-H8 2{±U— y^-f^-H 

1 0 o^^aatsiisEiiiejtco^-u^srttajL.. 

7=rb^^-F10 2i U:7W^T7 8l£tf-L 
Tx/Uh'^A^Jny r -f a 9 9 £33® UdaiSft<^7 
-U"W£*KfJ-fS. St»W12{±» idOJ:-5tL-C7 
*F^^-F8 2, 10 2i A^WH-iJe^^'V 

;Vt'9A»7r^^'9 9i0iJig7t^'tl.ti*Lp £ 

- 1 2 9 8 9 J %*?&m-4 - 9 1 2 1 8^-tM 

G* = e + f ■ L P 

[0054] U:#-?T. #»60IJfc=kMt\ 01 fc* 
*to^^ift„ ^rfc, ifiiKst(7) 

mm. &'b-%&z<omcD-%&m^x$y>xi>i. 
w 

1 0 0 5 5 ] s fet. ±asLfc#sat«T(4 iaEy; 

(7) COFunc(G)^tOV>T<±. ^$ill> t^k LTS 

^z<vmMz&m%im^jmtf^mmi,zw.ftX'% t 

[0056] 

[*»aH<5oa«] BLLliiBSL^j; dt*»WTtt. ■*« 
S &XL. ^comilzX-yXm^fl^MPMlz. ffl&G' 

[0057] :<7)i ^ =flrffi«H^t«^< »«i«iWi. ± 

[0058] -f**>^, ±iELfc5fiCl«[<0KIIAP<»>fl 
f*G» ^»-tft^®73-5-WELTttil^*^iS^4>iift 



(7: 



#^¥7-5 0 70 



1 1 

[0059] Ltztf->z. xiiifmmm 

[Hi] ^WM^m-^mmmiBtmthi. 
[02 ] *mzmizmm£*p<Dm'<mtf&£*t 
mxh&. 

[03 ] *mm®nzmz>mmm<vmMm*tm? 
*&. 

[04] *H»|c7)f|-iHilf^^^t-0-C$>l»„ 
[05 ] *»fc#J<9^S£Scf0-C*£. 
[06] *^o^-«oHS60iJ&^1-0T*)l»„ 

[07] ^mmmcoAxm^ft^y-is^im&z* 

[08] *%BJ3c7)mz«|IMM&^t0-C*l»„ 

[09 ] mm^mmmmmm^-tmx'h 
[01 o ] mmwmttmmmz'hh, 

[0 1 1 ] ±7 a fr?cDMi&^ft&iK-mX'fc& . 

[012] immm^x-nm^^-uovm-m 



1 2 



10 



20 



[013] !£HA POW#«<#14^t0X'*l», 

1 1 r-ruymnmn 

12, 103 mm 

6 1,62 *3Wt:l^— *f«JB» (SLA) 

6 3 SftggfMIIft 

8 1,98 7r^^77 

8 2, 102 7*Yy4*-V 

9 1, 10 0 U-f^tf-F 
9 2 fSM7 7^A 

9 3 ifcffMiS (EDFA) 
9 4,1 06 ^7 4 
9 5 £Jgfgft 
9 6 l^fflffimM. 

97, 104 jer-fyu-^ 

9 9 x;l/t'^A3s&n7T'f A 
101 #74/1/* (OF) 

1 05 7r^^-? 

1 0 7 A/D^mtl 

108 T4i>9Mi 

10 9 D/A 



[02] [03] [04] 





0 






(dB) 


-0.2 




-0.4 




-0.6 • 




-0.8 • 




-1.0 ■ 



Pp- 20 mW 




10 20 



It 



(dB) 



1 1 1 1 ' 


a 0.04 








«*> 0.02 


. Pp- 10 mW j. 




20 mw 


0.00 ' 


30 mW 


-0.02 • 




-0.04 : 
-0.06 ■ 




, 1 1 I ! 



-30 -20 -10 0 




-30 -20 -10 0 



[05] 



» s 

(dB) 



/I 



30 -20 -10 0 

(a) iStSIBWB 



R 5 

(dB) 



■30 -20 -to 



/<7— (dB.) 

(b) «*W 



« 8 




# 




* 




»8 




(dB) 








A 






Bflfla8B888° 






-30 -20 -10 ( 



«9— l — v^*- (din) 



(10) 



«fBPF7-5070 



im7] [010] [012] 





(11) 

[08] 



#^¥7-5 07 0 




(12) 



«fBPF7-5070 



[09] 




